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DISCRETIONARY REVIEW BY fHtf SUPREME COURT 
PART ONE: THE MODEL 

1. THE PROBLEM 



• « ©In 1925, the Congress passed the Judidiary Act wfrich 
established the discretionary jurisdiction bf the United 
States Supreme Court. The result of this att was the 
ability of the Court to grant or ko deny a hearing by writ 
v •♦-of certiorari. It provided the Court w<ith a formal means 
by which it could control; its own policy role '(Baum 1977,; 
/"Frankfurter and Landis 1977; Tanenhaus et all 1963). . * 

/If one examines the types of cases tije Supreme Court 
admits through its discretionary jurisdiction, one pften 
encounters an interesting pattern of change over time. If 
we take the number of cases the Court hears in the area of 
reapportionment , 'for example, anti divide* by tAe total num- 
ber of cases the Court hears that term, we have a measure 
of the relative frequency with which the Qourtl grants 
* * access, to that class of cases concerning the issue of re- 
apportionment. If this* relative frequency, is then plotted 
across ti'rae, a pattern is exhibited JLn4which the' frequency 
of cases starts out at one relatively constant llevel-, then 
grows rapidly, then levels off briefly, then befeins to 
decay to a new, relatively constant level, Thel pattern 
which is Observably is idealized in Figure 1 below, Ndte > 
in addition that there is no particular necessity j£for the 
frequency of- litigation after the period of grovJth and * 
{hen decay to.be" greater than its initial level. I Movement 
from a higher level to a lower one is certainly possible. 

* 

Figures 2 'and 3 provide empirical" examples In the 
areas of reapportionment and "search and seizure 1 ! cases. 
The idealized pattern of Figure 1* may be conceptualized 
as the "central tendencies 11 of the t i me -paths ^ Figures 
| 2*and 3, thajk is, the smooth trajectory which wou Id result 
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( the noise ,(or error) could bcremoved from! the process.. 
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s this idealized process of growth and" the 
t which we wi^h to understand. * 

More, precisely^the question addressed in| 
twofol^. First", what explains the pattern 
then decay to a limit in the frequency of 
second, how can thij> process*" be dynainicall 
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Figure 1. Idealized pattern of change in the relatiu 
frequency of cases admitted by the Supreme Court in pajrf 
ticular issue areas. 
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Figure 2. Reapportionment cases as a percentage of all 
cases with full opinions, 19'>8-1975 terms. Source: Harvard 
Law Review , 19^9-1976 (November issues). j 2 
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Figure 3- Search and seizure cases as a percentage of all 
cases wi th* fuU^pihions , *19**8- 1975 terms. Source: harvard 
Law Review, 19**9~1976 (November issues). 



2. A THEORETICAL EXPLANATION 

Suppose the following process occurs" In any particu- 
lar substantive area of litigation, the Court develops a set 
of legal norms — doctrines . Because^ the law is hev^r certain, 
cases continue to be admitted t;o the Court in drder to in- 
terpret the extension of these doctrines to particular sets 
of ^facts. Thus, during periods of "doctrinal certainty," 
there will be an "associated level of litigatipn ( v a .more or 
less fixed frequency of discretionary review in this area 
by the Court). Periods of fixed levels of litigation are 
exhibited in Figure 1 in the flat trajectory before'the^ 
period of rapid growth.and after the period of decay. 

It is obvious, however, tha*t major "doctrinal shifts" 
take place. Reapportionment provides a. classic example of 
an extreme doctrinal shift i the Court moved from the argu- 
ment * that it oouid not hear reapportionment cases at all 
^ O n c J>^9 T0 ^ e v - Green (32$ U.S. 1 [19^6]) to the position 

ERXC oiced in Baker v - CaTT ( 369 u - s - 1 . 86 I 1962 ^ thgt • 3 



reapportionment cases were no longer a political 'issue 
and were,; therefore, within the Court f s jurisdiction.- ^ 

Notice in Figure 2 that prior to the doctrinal shift 

in 1962 (Bakei^ v. Carr) , the frequency of reapportionment 

cases was relatively fixed Jat zero). Then with i'ukt,r v. 

Carr 9 a major shift in interpretation occurs. As a cpn- 

sequence, (1) the legal public becomes uncertain as to 

what types of reapportionment issues the Court will 

hear; anch ( s 2) the Gourt seeks to reestablish certainjjy in 

the law. by developing a new set of interpretations concern-. 

ing reapportionment— that is, a legal doctrine. 
*• * » 

Because most "people are demanding access to the Court, 
and because the Court itself is attempting to clarify and 
codify its position, tbe frequency of litigation tempos 
•rarily increases. As more cases' are tried and a body of 
precedent is established, however, thje law becomes more 
settled. The temporary increase in t litigation thus sub- 
sides as the law once again becomes more cectain. Doctrinal 
development, then, will be accompanied by our growth-decay 
pattern of litigation. 

A Dynamic Model of the Process ^ f ; T 

» The preceding argument provides $ i>asic explanation 
of .the growth-decay pattern of discretionary review *by the 
Supreme Court;. It is possibl-e to »gain a better under- 
standing of the implications of this argument, however, by 
developing a -formal model of the process which 'has .been v 
-described.. Formalization forces us to, articulate the ' t 
explanation with greater precision. It provides a signifi- 
cantly more powerful linguistic structure. And, perhaps 
most importantly, formalization makes it possible for us 
to ascertain the deductive consequences of our intuitions 
about discretionary review by the Court. 



My thanks to Richard Singer, Department of Mathematics, Webster 
, for his helpful comments concerning the formalization pre- 
here. ^ . , ' . 'j * 



The firs't part of>our argument is that a significant 
shift in doctrine produces a major increase in the level 
of uncertainty about the law. This situaCion would be* 
approximated graphically by Figure 4 bellow, if no addi- 
tional litigation occurred after the doctrinal shift. 



> 

to 

/ c . 



Res idual uncerta i nty 
pr ior to sh i ft 
in doctrine 



Level of doctrinal 
uncerta i nty resul t.i ng 
from shift 

b L 




-Shift^oQcurs here* 
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Figure k. Increase in uncertainty pesdlting from 
doctrinal shift. *■ 

Notice in Figure 4 that prior to the. doctrinal ' shi ft 
there is v some residual level of ui^pertainty the . law:'' 
^Denote as the level o'f ^uncertainty ass<\ciahed with 'the 
doctrinal shifty given -the specific assumption that no' 
further litigat%on takes place. Then the residual uncer- 
tainty at the jtime of the shift is given by t£e -initial' 
condition V Q . At time t = 0 a shift occurs, and in the 
absence of further' litigation , uncerta inty- (V.) rapidly 
grows tp some new level, which we will denote here ajs L. 
The quantity' L may be interpreted as* the maximal / leVel of 
uncertainty which can be, produced by any particular doc- 
trinal shift. | * 

^ We will tr^at V t as'a pure theoretical construct — 
an unoBservable state of they^systera. Were we to seek -an 
empirical measure of uncertainty in court behavior we 
_would face a difficult or impossible task. > 'And further, 
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. • • • • .' ' 

V" t represents uncertainty ^'iv 1 ^a^'v-t^ a' hy t h hcticaf 
assumption, that no further litigation takes j place. Since 
further lifigation usually does ensue, V t is a concept 
.which f cft>es have empirical import but which is. not actuolly\ 
present under' normal circumstances * * 

Since 'Supreme Court terms are discrete events, we 

"V * * * 

will treat the domain of V" t as the non-negative integers. 

That is v V t 'is d&finld'for all values^!' t = 1, 2, 

The dynamics af Figure^ may be formalized by the 
simple expression , ♦ / 

<D * AV t ='g(L-V t ). . • 7 ^ 

The?' state ]/ gives, the level of uncertainty associated 
with the law; L gives the upper liijut oti this uncertainty; 
and the* parameter g is" related to the rate art which ..V. . 
approaches this upper limit (g is the' rate at which 'the \ * 
difference between L and V" t is. reduced). It -is important/ 
to Vote rjere t)iat g is a.constant representing .a particu- 
lar number. Given the situation being modeled, an 
alternative ^formalization might*treat g as aVfunct i on' of- 
time* We will treat g here a\ a 'coirstafit, however, for * 



Y 

two reasons. iFJrst, we seekyay elementary explanation 
(one -which is mathematically* simple ) . And second, a\. 
standard mathematical technology "exists f^or the analysis 
•of linear difference equations with constant Coefficients;, 
no such standard technology exists when we allow**£he * 
coefficients to be noncqnstant teVms. c * „ 

* The theoretical structure of the rn/odel' requires thai ' 
we specify^sojie range for uncertainty (V t ) . Here aeon- 
venient assumption is uncertainty is bounded within *the 
zero-unity state-spatfe . -In other words', if y t equals zero*\ 
then the*re i s* no' uncertainty present; # as V approaches 
unity, ;the law becomes. increasingly ambiguous.* . At V" t - 1* 
the Court's position would be esseiTtially random— total ly % 
unpredictable,^ It is important! to notT tfiat this, choice. 

. . ; . ¥ 



for the range of is purely conventional: unlike our 
assumption that g is a constant (which makes a specific 
substantive claim), the restriction of V* t to the zero-one 7 
int^^al is irrelevant to the faithfulness of the model to 
the^P&bs tantive phenomenon. Our constraint, then, is 
given by 

4 < . 

(2) 0 < < 1. 



1 V t 

If V t is to have its intended interpretation, we must 
also impose the constraint that . , , 

(5) . 0 < g < 1. 

This guarantees the asymptotically increasing time-path 
specified in Figure 4. 



Thus far we .have assumed that nothing reduces the 
uncertainty which potentially results tfrom a doctrinal 
shift. Clearly this is false since ne\/ lit igation ensues 
(and indeed, it does so at an abnormally high level). The 
purpose of this litigation, of course, is uncertainty 
reduction. 

.Opinions We issued which better articulate, extend 
and clarify trie s Court r s position. New doctrine, in other 
words, is developed. Uncertainty is reduced as the law 
becomes more settled. Figure 5 below illustrates the 
process. * , * A. ~ : <. 
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» Figure 5. Reduction in uncertainty resulting from 
doctritia'l devejopment. 




Note from this illustration that the amount of uncertainty 
reduction (R t ) has'an initial value (when the sAft occurs) 
of Rq = 0. As doctrine 1^ developed, uncertainty is 
reduced more* and more, to some upper limit, B. The 'curve 
may be approximated by the d\n.u.nc . ^uation 

■ f(B-R t ) 
= 0. 

t denotes the reduction in uncertainty which 
has occurred at time r as a consequence of doctrinal 
development. The parameter B specifies an upper limit 
(since some uncertainty is always present) . And the 
parameter f gives the rate at which* unc<5rtai n ty reduction 
occurs as hew cases are heard by the Court. * 

As with the process of uncertainty generation, we 
will treat this process of uncertainty reduction, denoted 
here in t>he dynamics of R as theoretical concept spec.i- 
fying an unobservable state of the system. Similarly, w t e 
impose the constraints 

(6) 0 < R t , B < 1 |nd 

(7) " 0 < -f < 1. 

Two processes thus occpr simultaneously: an increase 
in uncertainly generated by* the shifting interpretation c^f 
the Court, and a decrease in uncertainty as^riew cases are 
heard and new doctrine is articulated. The actual, level * 
of uncertainty in -the law, then, is given by the difference 
between these two stated of the system. Notice that we 
have an implicit assumption: even though these processes 
, occur simultaneously, they are independent -and can be 
summed to obtain the actual tevdl o£ uncertainty . This 
assumption,, of course, -is not the only/ one which is possi- 
ble. j?ut given ouv relative ignorance about other 
formalizations* this assumptions^ utilized s^ince it keeps 
tlje mathematics of the' model as tractible as possible. 



We will denote this actual level of uncertainty fs 



A t> such that 

/Since uncertainty is never negative, we. logically require 
that m . ^ 

(9) V t > ^ R f , 

The reader should <^>nyince himselJ/herself that an impli- 
cation of Unequal! ty* (9) -is 

(10) . L > B. " 1 1 



Question 1 ; Why is L > B implication of the constraint V t £ R t ? 



Poth the Court and the public respond to doctrinal 
uncertainty. When the law is highly ambiguous the legal 
public is much* more likely to petition the Court for a ' 
hearing than when the law is very settled. Similarly, the • 
Court is more likely to grant access to its decision-making 
powers when there is confusion as to the law or the 'Court's 
interpretation *of it. 

This implies that the observed frequency of Htigation 
in particular substantive areas will be related to the 
actual level of doctrinal uncertainty which/exists at that 
point in time. We will make the ^simple assumption that 
the frequency of litigation, denoted here as X t , is 
directly proportional to the level of uncertainty (A t ) 
which exists at that point in time. We rffay then write 

(ID X t = P A t . ^ . 

* » 

Thus, X t denotes the 'observed frequency of litigation and 

should exhibit the growth-decay pattern which *we hope to 

explain. Notice that X is a function with a discrete 

.domain, the nonnegative integers. Similarly, we take A 

to be a function whose domain is the nonnegative reals. 

The parameter g specifies the rate at which uncertainty 

/ - " 9 



produces litigation. In effect, 'p provides a measure of 
the sensitivity of the Court: if the Court is' highly 
sensitive to doctrinal uncertainty and the % societal demands 
/tor access which uncertainty ' generates , then p will be 
large. If the Court becomes increasingly unresponsive, p 
tends toward zero. - 

( the system of dynamic equations which characterizes 
the basic argument presented above is thus. 

(12) AV = g(L-V ) 

(13) * AR t = f(B-R t ) 

(14) ■ A t = V t - R t * 

(15) X f = pA t . 

It is" convenient to substitute (14) into (15) { thereby 
eliminating one equation (and one state). The system thus 
reduces to > 

(.16) AV t '= g(L-V t ) ' 

(17) AR t = f(B-R t ) . ; . 

(18) X t = p(V t -R t ),' 

subject to the constraints . ' ^ 

(19) . V t > R t , t > 0 \ V 

* - 1 \ ; 

(20) L > B, and , i , , 

(21) 0 < f, g < 1., 



Question 2 : What^would happen to the time-path of V f if g wereequal 
to 3? 



Qualitative Behavior of the Model 

One of the easiest ways to Understand how this 
complicated- looking model behaves is to decompose its 

10 
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^elements graphically. A companion module dissects the 
model's analytic properties.. Here we Will conclude by 
showing that fhe -mocfel^ does ' exactly what r we require: it 
gene-rates a'time^path fx>r X t (the actual frequency ot\ 
litigation) which nice'ly approximates the idealized cen- 
tral tendency w,hich we wis'h to explain (Figure *1). 

Recall that the actual level of unce/ta'inty to whi,cJ*~ 
the Court and society responds is*- given by the quantity. 
(V t -R t ). f Graphically,* this quantity may- be observed by 
plotting the time-paths for V and R f and examining the 
distance between the two curves. 




. . . B 



Time 



Figure 6. Difference between V and R t gives actual level 
of uncertainty, A t » , 

Notice from Figure 6 that the distance between V. and 

» t 

R t begins at the level (Vq-Rq) , then increases, and then 
begins -to decrease. Finally, as V* t and R t both approach' 
their equilibrium points, L and B, the distance between 
V t 'and! R t is given- by the quantity (L-B). 

© 18 ' ii 
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It should be obvious that not all monotonically 
growing curves for \' t and R t will produce the growth-decay 
pattern we require.- In Figure 7 below, for example, the 
constraint > R t holds, but the distance between. and 
R t does not replicate tlyj grow L ii-de^ a\ process fit does 
just the opposire — it decays and then growsj . 




T i me v J 



Figure 7. ' Pattern of 1 i tigat ion generated jtohen constraint , ^ 
g > f is violated. 

By comparing Figures' 6 and 7, it is obvious tjiat the 

, only way our characteristic growth-decay pattern will 
'emerge is if grows to its upper limit L at a faster 
rate than grows to its upper limit B. In terms of the 

4 parameters* of the model, then, the implication is that g 
must be greater than f to produce the empirically observed 

9 

central tendency . 

Substantively, this makes perfectly good sense. A 

© 

doctrinal shift produces uncertaiat^ oery rapidly. Thus, 
V* t grows to its upper* level very quickly. Reduction in 
uncertainty, R t , is an inherently slower process: new . 




cases must be tried, new opinions must be delivered, a 
body of precedent established, before a well-articulated 
•interpretation is developed. Hence, the unanticipated 
' coasequencb, g > f emerges from the formalization. 

" — ; 1 -. — ^ 

Question 3 :^ iDraw the typical pattern of change which would result if 
g wegre less tfian f and all other constraints hold. 



We mayj cqnclucje. by considering one additional feature 
of the process— .the relationship\between its starting and 
endpoints. |a well-developed model should be able to pro- 
duce two distinct qualitative behaviors, illustrated below. 

/ 





Time 



Time 
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Figure 8.j Patterns of doctrinal development when pre- 
and post-pen pd I eye Is differ. 



^In the left-hand path, we begin at a low level of 
litigation; move through the process of doctrinal develop- 
ment, and then 



was typical ini 



litigation stabilizes at a 'higher level than 
tially. In' the second example, doctrinal " 
development produces a. level of. Ujtigation which is less ' 
than was typical initially . \ 

t 

Returning to Figure S it is easy, to see how both 
trajectories ar^ possible with the models Specifically, we 



need merely to compare the initial conditions (\ 
with the endpoints (L and B) . The initial level 
gation is given by 



0 and V 
.of liti- 



(22) 



X 0 = p(VRJ> 



o o- 



but since. R* 0 = 0 , we may write"' 



(23) 



x 0 = P( V n)- 



0 J 



Nthc 



the time 



In words, the level of litigation which £kists«at 
of the doctrinal shift depends on the residual uncertainty 
surrounding the (pre-shift) doctrine, V Q , and the Court's 
responsiveness to this uncertainty, p. 

Once the new doctrine js fully articulated, "he new 
residual level of uncertainty is given by the quantity 
(L-B), and the frequency of litigation by 

(24) w X t = p(L-B) . 

The critical question , then , hinges on how much un- v 
certainty exists ,prior to the period of doctrinal 
development-, V Q , and how much exists onqe the new. doctrine 
has b«en fully articulated, (L-B). Pattern I in Figure 8 
occurs i'f 

(25) V Q < (L-B), 

pattern II results if/ / 
(26) 

and in £he special instance 



V Q > (L-B), 



(27) 



V Q = (L-B), 



the pre- ana" post-developmental periods experience 
same frequency of litigation. 

3. CONCLUSION 



i:he 



In this module we have moved fhom an empirical ^uzzle- 
.a syste^tic pattern of change in litigation — through a 14 

' 13 
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verbal explanation to a mathematical formalization. The 
model does in fact generate the anomalous pat/kern of change 
which we sought to explain. Two unanticipated consequences 
also arose, concerning (1) the relationship between f^and g 
in producing- the growth-decay pattern, and (12) the rela- 
tionship between VJ* and (L-B) in generating J tw$ distinct 
patterns of pre- and post-developmental levelsyor* 
litigation. In the next module, the analyt/ic,p^4*perties 
of the system are further explored. 

4. ANSWERS TO QUESTlo/jS 



1. Since |V > L in the long run and R * B, then L must ^e greater 



that B, or else V^-R would not hold. 



If g 



3, the dynamic equation becomes * 
AV t = 3(L-V t ) 



t*1 



-2v t + 3l: 



of tnfe 



vJwjo|uld explosively oscillate, thereby ^iolating the construct! 



6n 



Problem. 



3- < The trajectories would be 



1 1 ch l w< 




Time 



whichl 4/o i j 1 d generate: 
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DISCRETIONARY REVIEW BY THE SUPREME COURT 
PART TWO: ANALYSIS OF THE MODEL ♦ 



1. INTRODUCTION 

, >• 

This module is a continuation of an analysis of 
Supreme Court decision-making *> The problem is to explain 
a particular pattern oij' growth and then decay to a. limit 
in the frequency of litigation in particular issue areas. 

In the previous module, a dynamic model of discre- 
tionary review by the Supreme Court was developed. That 
model is given by the system of dynamic equations* 

(X) s , ti t » g(L-V t ) " 

(2) AR t = f(fi-R r ) 

(3) X t = p(V t -R t ), • . 
subject' to the constraints 

.(4) . | fc < V t , R t , X t , g, f; p, L , B <\ 1 

(5) • g^> f • . , 

(6) L > B * . • ' 

(7) • V >.R . 

I 

We found that this system of equations will JLn fact repro- 
duce the growth-decay pattern of litigation which is 
empirically observed in several areas of jurisprudence. 
This module explores the analytic properties of the model. 

2.' EQUILIBRIA 



— - While- we-now-know tfratr the~ growth-decay^ pattern 
occurs, we cart be considerably more precise 'about the 
dynamic properties ,of the process. One such dynam;g 



characteristic which we wish to examine is the equilibrium 1 
point for the observed level of litigation, X*. 

Begin by setting the dynamic equations for AV t and 
AR t to zero and, solving for the equilibria V* and R* 
respectively: 4 

• (8) 0 = g(L-V*) - 

T9) - 0 = f (B-^R*; . 

Thus from (8) * 
•(10) V* = L 

and froiji* (§) 

(11) R* = B. 

Then X t is in equilibrium when both and R t are in 
equilibrium. That is 

(12) X* = p(V*-R*) , 

or substituting (10) and (11) into (12), 

(13) X* r p(L-B) . • 

Once the. period. of doctrinal development is sub- 
stantially over, then, the frequency of litigation for that 
particular class of cases will "tend toward the quantity 

{14) '*« .X* = p(L-B). & 

This level, therefore*, is the residual uncertainty which 
is inherent in the law (L-B) , filtered by the Court's * . v 
responsiveness to this uncertainty (at rate p) . The reader 
is encouraged to return to the* first module and to re- 
examine the geometry of the problem in the light of this 
new information. 

1 3. ELIMINATING THE UNOBSERVABLE 

Since the states V* t and R t are unobservable theoreti- 
cal constructs, it would be convenient from an empirical 
perspective to be able *to predict the change in X t ' (which 
is observable) from a knowledge of previous value's for X t . 

2 

Of] 



To do this we need to move from the expression of X t as a 
function of V t , R t and the parameter p to some recursive 
function of X t which eliminates the two unobservable states. 

This, fortunately, $an be accomplished by a standard 
mathematical technique. ' We will proceed by treating A as 
a linear operator , writing the system in matrix form, r *ancl 
then solving the linear system by Cramer's rule. We begin 
by briefly introducing the idea of linear operators. 

I ^ie a r, Operators 

Operators are essentially instructions or rule£ //hich 

• * I 1 

' ^ direct one.fo perform specific operations on functions. 

* Critical to our development „is the distinction he£e /between 
a class of operators, 0, r and the class of functicrfisi Y. 

* The operators which are introduced below are tindarf, in 
that they simultaneously satisfy two principles;' homo- 
geneity and additivity. Homogeneity requires t,hat/ for 
operator O, function y and arbitrary constant £, 

- (15) O(cy) - c(Oy). 

Additivity requires that for arbitrary fuJ\ct;ions/ y and y 2 
and operator O,; , x 

(16) 0(y 1+ y 2 ) = 0y 1+ Oy 2 . 

One linear operator which we have utilized already in- 
j this module, without denoting it as such.., is the 

di'fferenoing operator,- A. formally^ Let a"ftfnction y be 
given and let h fc'e any constant for which t+fi is in the 
domain of y whenever t is. Then Ay, the fii/st difference 
6f y 3 is given by : m ... 

(17) * - Ay(t) * y(t+h) - y(t). . 



The reader, may find any of^e-fctftowfhfl* sources useful in 
further understanding linear operators and their use: Samuel 
Goldberg, introduction to Difference Equations (Mew York: Wiley/ 
1963); R.G'.D. Allen* Mathematical Economics , 2nd /edition (New York; 
St. Martirf's, 1963);* 0. Larige, Introduction to Economic Cybernetics 
(New York: Pergamon, 1S70) ; and Cortes et al Systems Analysis for 
Q„,al Scientists (New York: Wiley, 197^) - 



The number h is usually a positive integer and is called 

the differencing interval. In this module and in most 

applications, the differencing interval is taken to be 
unity. Hence, ; we normally define 

(18) Ay(t) - y(t+l) - y(t). 

Applying the differencing operator twice gives 

(19) , A (Ay) = A 2 y, } 



which is termed a second difference of y. The value of 

, 2 12 2 

the function A y at t (denoted A y(t) or A y t ) is given by 

'(20) A 2 y(t) = Ay(t+h) - Ay(t); 

• n 
and in general, the nth difference of the function y, A , . 

is - ' N 



(21) - A"y = A(A nrl y) . n = 2, 3, 4, 

Two additional linear operators whicji will be useful 
here are the advancement operator, denoted as E, and the 
identity operator, I. The advancement operator is defined 
as follows i 

Let a function y be given, and let h 'be any, 
constant differencing interval. Then Ey is 
.that function whose value at t, denoted as 
Ey(t) or Ey t% is given by 

(22) Ey(t) - y(t+h). 

Again, conventional procedure, is to set h = J. . 

By applying the advancement operator twice, .we have 

(23) 

- >r(*ih). / 

Notice^tfien that when t denotes time, we may advance the 

time subscript on- a stately applying the operator E. Each 

• » t * 

time E is applied, the time subscript is advanced by amount 

h (where h usually equals unity)f Thus in general ,,Af n ii 

any real number, / 



EtEy(t)] = EErtt+h)] 



t 
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(25) * E n y(t7 = y(t+nh). * 

Finally, the identity operator, I, is simply thai ,' - 
operator which", when applied to any function y\ produces 
a new function Iy which is identical to y . m Tha*t is, (for 
any t in the domain of y, 

(26) \ Iy(tj = y(t) 

(27) ^ I I n y(t) = I[y(t)] =' y(t) , > 
and in general 

(28) j I n y(t) = y(t). / ~ , 

Notice that we may rewrite our definitign for the }* 
^differencing operator A in terms of the operators E and /'I. 
Speciiica^ly , since, m j, 

(29) / Ay(t) » y(t+h) --y(t) . j 
we may equivalently Vritie • ' ■ 

(30) Ay(t) Ey(t) - Iy(t) 
^ or 

-(31) l- A = E-I. • 

y Intuitively, we are asserting 'that the same result isj' v 
obtained by applying, the operator A,to any function ^s is 
•obtained by applying the operator (E-I). j 

At a more general level, any two operators 0/ and CU 
are said to be equivalent if for^any function y thejfunc- 
tions 0 x y and 6 2 y are equal. Thus there is^an analogy 
between equivalence relations among operators and algebraic. 

..relations among real numbers. While proof is Ifeyonji the 
scope of this module, we can manipulate the linear {operators 
A, E and I in equivalence • equations just as we 3o algebraic 

% quantities in numerical equations. This is an extremely . 

powerful-jresult, one which we_will underscore- through' 

several examples. , ^ , r 

If we begin, for example, with a ^ume/ical equation 

^32) . ^;' A Vi + ' B > r "■ I •. • 5 " 

- ' \"~ ' 4 \ ' [ * 



j where A and B are arbitrary constants, we may apply the 
loperator E to both sides of (32) to obtain 

(^3) - EY t = EAY tl + EB 
or 

(34) 1(^1 = AY t + B - 

Note that tjj^e advancement "operator when applied to a 
onstant simply ^returns the constant (EB == B) . Operating, 
)n (32) by E 2 produces 

(35) , E 2 Y t = E 2 AY t _ 1 ( + E 2 B 

(36) E(EY t ) = •E(EAY t . 1 ) + E (EB) ' 

■ ' J - 

(37) £ ( Y t+ l) = £ (AY t ) + EB 

(38) Y t+2 =AY t+1 + B. / 

\ On the other hand, had we applied the differencing 
operator A to both sides of (32) we would obtain 

{39) AY t = AAY t ^ + 

-■ ^ • 

and-from the definition of A-, this produces • 

(40) m Y t + 1 • Y t '= AY t - AY,., + 0- 
W ' Y t + i ■ (l ; A)Y t - ATt t-1 .' 

Ncjtice that the* operator A when applied to a constant 

gi!ves zero (AB = EB - IB = B.- B = 0) . 

* • 

The equivalency of A and (E-I) n\ay be seqn if we Sib- 

s^'itute (E-I) for A in Equation (39): • 

(4'2) (E-I)Y = (E- I ) AY . + (E-I>B 

(43) ' EY t / IY t '= EAY t _ J - IAY^j + EB - IB 
or ■ 



(44) Y t+1 - Y t = AY t - AY t . 1 + B - B 




we may write 



(49*) 

e (50> 

- or 
(51) 



t+1 



E 2 y. 



Y t+1 " Y t+2 



-'. -2E Mf ^ J- 1 Y > ; : . t ;^>; 



Y t+2 " 3Y t+l 



+ , Y A 



D. 



In -general, then, the linear operators A, E. #nd I obey the 
same algebraic laws as ordinary constants. As we shall 
see, this is quit:e powerful in treating our problem of 
Supreme Court decision-making. Before attempting that 
section^, however, ^the reader shou 
lowing , problems . 



Ld be able ,to work the fol- 



' Question 1 : 

a. A^ ■ ? in'* terms of E and I? 

b. Simplify the expression AAEY^.- . 
<T. If Y^ « Y t + B, what is the result 



of applying the operator A 



2 % 




to both sides of the equations? 

nng from numerical Afunctional jjqaations-, if 'y(x) ■ x^ 
.(taking h ■ I) then for example 

• Ay(2) - y(x+l) - y(x) 

- y(2+1) - y(l) 



- IngicfeTal "thenT /Fr'od.Ay (t)' jf y (f) j= t 2 and jx^=n. 
r - r Q\_^St&J^{)- 1 f y ( t )- given^by"' . 

Qo not assume h = 1 . 



Application* of Linear Operators: Solution of the System 
by Cramer's Rule ■ o . 

, The technique presented here is a general strategy 
which is applicable when the underlying dynamic equations 
of a system are linear. The goal, again, is to obtain a 
recursive solution for the observable state, X t , and there- 
by, eliminate the unobservable states *V t and R t , We express 
, the system in matrix form, tlven solve using Cramer's rule. 

In order to rewrite Equations (1) and (3) in matrix 
form^u^e'A as a linear operatoraprd obtain 

(52^' (A+g)V t = gL . 

(53>^ (A+f)R t = fB 1 

(54) f - - pV t + pR t = 0. 1 

We have simply used A as a constant and Collected terms 
V£ and; R^-" The- rewrite Equations '(-52), (53) and (54). as; 



on 



-For this elementary dynamic system a simpler derivation is 
possible, Solution by Cramer's, rule is a. more general strategy, par- 
ticularly 'useful if , the dynamic system is more complex. It is thus 
presented here. * O ^ ^ 



'(A+g) 0 0 
(55) 1 0 n (A + f) 0 

-P P 1 





'v ' 

Z 










\ 


— 












, 0 d 










• « 











Question 2 : Write the following linear system in matrix form. 4 
X* = Y t + (l-g)Z t 



Z t = AX t + BY t 



Y = -CX t - DZ t + F. 



h. 



Applying 'Cramer f s rule. 3 1 
(A+g) 0 



(56) 



X t = 



gL 

0 (A+f) fB 
-p p 0 



(A + g) 0 0 

0 (A+f) 0 

"P P 1 

The numerator i3 given by (expanding around the 3rd row): 



(57) 



-P(-1) 



3+1 



, 0 
(A+f) 



gL 
fB 



►P(-1) 



3+2 



(W) gL 
0 fB 



+ 0 



^C'rameY's rule states that: 

If A - (ajj) is nonsingular nxn matr^pc» then the* linear system 

(k) 



AX » 6 has a unique solution X = (x^) witKP 



det A x 
det A 



where A. denotes the matrix formed by replacing the kth column of A 
with the n-tuple 6 » (b. ) . 

, K C 



On 



(58) = -p( + l) [0-gL(A + f)] + p(-l) [fB(A+g) - 0) 

(59) ' = pgL(A+f) - pfB(A+g),' 

Then the denominator of ('56)', expanding around the third 
column is: 

(A+g) 0 
0 (A+f) 



(60) 



0 + 0 + 1(-1) 



3 + 3 



a? 



(61) - (A+g)(A+f) 
Therefore , 



\ 



v - pgL(A+f) ■ pfB(A+g) 
t (A+g) (A+f) 



(62) 

or cross-multiplying 
(63) % A 2 X t + (f+g)AX t + fgX t = pgLA + pgl/f + pf^A - pfBg 

Recall, however, that A applied to a constant = 0, so (63) 
may be rewritten as 



(64) 

or 
(65) 



A 2 X t + (f+g)AX t + fgX t - pgfL - BfgfB 



A^X t + (f+g)AX t + fgX t = pgf(L-fe), 

To eliminate the A's^from the left-hand iide of (65), 
utilize the equivalency 

(66) 'A = E-I ' / 

and substitute this into (65): 



(67) 



(E-I) 2 X t '+ (f+g)(E-I)X t + fgL = pgf(L-B) 



Expanding a^id collecting terms gives 
(618) ' 



E ? X t + (f+g-2)EX t + (l-f-^+feg)X t = pgf(L-B) 



Since 
(69) 



EX t = X t + 1 
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and 
(70) 



*t *t + 2' 
we may finally write ,(68) as 



(71) 



( t+2 + (f+8 - 2)X t-r t U : f-g + fg)X t ■ Pgf(L-B) 



We thus have an expression from which we may deduce 

change 'in the observed frequency of litigation, X., without 
i * , , t * 

a knowledge of the unobseryable states of the "system. THe 
empirical usefulness of this, and similar yodels may thus' 
be greatly enhanced by the technique. 

It is important to notice in addition that the system 
is' in fact 2nd order. Thus, x to predict a future level of 
litigation (at t+1) ,*~"We. must kriovJ both* the current level 
of litigation (at t) and the past level (at t-l).^This 
implies that the Court responds riot only to its present 
behavior but has^" memory of its past activities which also 
impinges on its decision making, j 



Question 3: Given 



AX. 



AY. 



AX t + BY t 



CX t - DY t +_ F 



Solve the. system for Y by ^writing ih Matrix forra^and using Cramer's 
rule. A-systemof two first-order equations |s equivalent to on& 
eq4ation of what ord^r? • 



4. CONCLUSION 

This module began by suggesting tha 
review by the Supreme Court exhibitsya s 
of change over time. We havje- argued 
pattern is related to the process of 

ERIC ■ . 



4 



di scretionary 
st^jgatic pattern 




namic 
development 
11 
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It was suggested that a major shift in interpretation 
signals a period of increased uncertainty about the Court's 
behaviar, along with increased demands by legal participants 
for access to the Court. The Court's caseload in this area 
of -litigation thus exhibits a period of growth as the Court 
attempts\ to develop a new set of rules — legal norms. Once 
a new doctrine is articulated, the^level of uncertainty 
about the Court will diminish, and with it the demand for 
access. Litigation wilL return to more routine levels. 

The dynamic- formulation presented here will, in fact 
generate the characteristic features of the observed time- 
paths. The puzzling phenomenon — a particular pattern of 
growth and then decay -to a limit — was thus shown to be a 
consequence of the deductive logi€ of the model under a 
, particular* substantive interpretation/ 

c , .In addition to reproducing the observed phenomenon, 
the deductive* structure of the model makes it possible to 
gain several insight.s about the process of discretionary 
review. It is worth pointing out, however, that the for- 
malization is useful only in the analysis of synchronic 
change:, dynamics which result from a constant structure. 4 
4 We f can predict a history of discretionary review by the , 
f Supreme Court once a doctrinal 'shift occurs; we cannot, 
-however, predict from the model when or how the shift will 
in'fact take place. 

Probably .one must look to the cross-sectional analyses 
of judicial gatekeeping.* "These studies are worth noting 
since their logic is so different from the approach taken 
here.^ By asking "what variables are related to other ' 
variables" during some frozen instant in time, these* studies 
consider more directly the effects of population densities-, 
.industrial i zation , socioeconomic factors , the structure of 
appellate courts below, and numerous other variables. 

Certainly thrs is a useful and necessary approach to 
the problem of access to the Supreme Court. But a majpr 
•\ 12 
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conclusion here is that while 'cross-sectional analyses 
teach important lessons f they do not tell the whole story: 
during periods of doctrinal development there is" a time- 
dependen* component to discretionary review whrch is better 
treated with an explicitly* dynamic formulation. 



# S: ANSWERS TO QUESTIONS 



la. A?ME-I) 3 



ME-l)(E-i') 2 \ 
- (E-l)(E 2 7 2Em 2 ) (< 
= E* -3Ef * 3E'- I . 

AAEY » (E-D(E-lJ(E)Y. 



(E 2 -2EI+| 2 )EY t 
(E 3 -2E 2 I+EI 2 )Y 



- 2Y 
+3 t+2 



t 

+ Y 



t+I 



a2 \+i - A +A ' B 



(E 2 -2EI + l 2 )Y t+] * (E 2 «2EI + l 2 )Y t + (E 2 -2EI*I 2 )B , 

+ Y + B - 2B + B 





- 2Y t + 2 + Y t + . = \ +2 " 2Y t + l 


Y t + 3 


- 3Y t + 2 + * Y fl " Y t"°- 






d- Ay(t) 


= y (t+1 ) - y(t) 




- (t+1) 2 - t 2 




2 2 
= t t 2t + I - t 




* 2t - I. 


e. y(t) 


» k - 2t + t 2 



MO - 4 - 2(t+h) + (t+h) 2 - U + 2t - t 
- ^ 2t - 2h + 
* h 2 + 2th - 2h 



4^- Zt - 2h + t 2 + 2th + h 2 : h + 2t - t Z 
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y(t) - 6t(l-t) 
Ay(t) = 6(t+h) (1-t+h) - 6t(l-t) 
= 6h(l-h). 

*> 

y(t) = t/2 

Ay(0 ^ (t+h)/2 - j./2r 



2. 


A A 


-0-g)' 




X 




'o 


> 


,-A -B 


*A 




Y 




0 




+C A 


D 




Z 




E 



A linear system of two first-order equations is equivalent to one 
second-ortfer equation. 



3. Jn matrix form: 
f(A-A) -t 
-C" ' (A+D) 



By Cramer's rule 








(A-A) 0. 








I-C F 


7 

^ ' FA- FA 


Pa- FA 


Y t 


^A-A) 


(A+D) (A-A)-CB A 2 +(D-A)A-(AD+CB) 




-C (A+D) 






[A 2 ,+ 


(A-D)A - (AD+CB)]Y t = FA 


* 


[E 2 - 


* 

2EI + U 2 + (A-D)E + (A-D)l - (AD+CB)]Y«^ FA 


\+2 + (A-D-2)Y t+| 


+ (1+A-D-AD-CBjY^ 


FA. 
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student! FORM 1 
* Request for Help 



Return to: 

EDC/UMAP 

55 Chapel St* 

Newton, MA 02160 



Student: If you have trouble .with a specific part of this unit, please fill 
out this form and take it to your instructor for assistance,* The information 
' you give will help the author -to revise the unit* 



Your Name 



Page 








0 Upper 
* 0Middle 




Section 




OR 


Paragraph 


OR 


0 Lj>wer 









Unit No, 



Description of Difficulty: (Please be specific) 



Model- Exam 
Problem No._ 

Text 
Problem No* 



I 



Instructor : Please indicate your resolution of the* difficulty in this box. 
Corrected errors- in materials. List corrections here: 



( j Gave*'sttident better explanation, example, or procedure than In unit, 
Give brief outline of, your addition here^ 



•J. 



o 



Assisted student in acqdiring general learning and .problem-solving 
skills (not using examples from this unit*) 
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Instructor's SjJ.gnature_ 



£ Please use reverse if necessary. 



Return to: 

STUDENT FORM 2 * EDC/UMAP 

Unit Questionnaire 55 Cha P el s |[- 

Newton, MA 02160 



Name. Unit No. Date_ 

Institution * Course No. 



Check the choice for each question that comes closest to your personal opinion. 

l* % How useful was the amount of detail in the unit ? 

Not enough detail to understand the unit 

Unit would <hav6 been clearer with more detail 



^Appropriate amount of detail 

_Unit was occasionally too detailed, but this was not distracting 
_Too much detail; I was often distracted * 



2. * How helpful were the problem answers ? 

Sample solutions were too brief; 1 could not do the intermediate steps 

Sufficient information was given to solve the problems 

Sample solutions were too detailed; I didn't need them 

■ / 

3. Except for fulfilling the 'prerequisites, how much did you use other sources (for 
example, instructor, friends, or other books) in order to understand the unit? 

A Lot Somewhat A Little ^Not at all 

4. How long was this unit in comparison to the amount of time you generally spend on 
a lesson (lecture and homework assignment) in a typical math or science course? 

Much Somewhat About ' Somewhat Much 
Longer Longer . „ the Same Shorter Shorter 

* / 

5. Were any of the following parts of the unit confusing or distracting ? (Gheck"> 
as many as apply.) > t 

Prerequisites < ' ' 

S tatement of skills ar\d concepts (objectives) 
Paragraph\headings ( U 

E xamples ' 



^Special Assistance Supplement* (if present) 
jOther, please explain * . . 



Were any of the following parts of the unit particularly helpful? (Check 'as many 
as apfrly.) ~ 
prerequisites 

Statement of skills and concepts (objectives) 

_^ Examples . 



^Problems 1 
^Paragraph headings 
JTable of Contents 

Special Assistance Supplement (if present) 
Other, please explai n 



Please describe Anything in the unit that you did not particularly like. 



Please describe anything that~you found particularly helpful.. (Please use the back of 
this 'sheet if you need more space.) * 



